Key Points: 
Introduction

24
The Hadley cell is a fundamental element of the atmosphere's zonal-mean circu- In order to focus on the hemispheric asymmetry of the response to CO 2 forcing only, Table S1 ). The 1pctCO2 and abrupt4xCO2 exper-92 iments are initialized from the piControl run: 1pctCO2 increases the concentration of 93 CO2 by 1% every year until it is quadrupled at year 140, while abrupt4xCO2 increases 94 the CO 2 concentration by four times instantaneously and then the simulation contin-95 ues for 150 years. In addition to these coupled atmosphere-ocean runs, specified sea sur-96 face temperature (SST) runs are also analyzed in order to isolate the relative impacts 97 of SST changes versus radiative forcing changes, as well as the role of non-uniform SST 98 changes. For these experiments, the control is the amip simulation, in which atmospheric 99 models are forced with the historical evolution of SSTs and sea ice from 1979 to 2008.
100
Three perturbations are applied: amip4xCO2 in which CO 2 is quadrupled but SST re- Table S1 ). v(p , φ) dp .
The primary metric used is Ψ 500 , the first zero-crossing of the 500hPa mass streamfunc- sphere is noisier because the summer Hadley cell is very weak in the Northern Hemisphere and so the edge is not always well defined.
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The following sections discuss in more detail the possible mechanisms discussed above versus MAM in the Northern Hemisphere ( Fig. 1 and Fig. S1 ) occurs despite stronger
248
Arctic amplification in SON compared to MAM (Fig. 2) . The spread across models also 249 indicates a lack of connection between polar surface warming and Hadley cell expansion
250
-10-©2018 American Geophysical Union. All rights reserved. Under increasing CO 2 , SSTs do not increase uniformly across the oceans (Fig. S3) .
256
For example, because it is a region of upwelling from the deep ocean, the Southern Ocean Future experiments (Fig. 3) . Despite consisting of a different set of models than those 279 that went into Fig. 1 (see Table S1 ), in all seasons and the annual mean, both the amip4K to the SST pattern changes in detail is a subject of future research.
297
Despite the impacts of direct radiative effects and the pattern of warming that are 298 outlined above, the globally uniform warming of amip4K is the largest contribution to 299 the Hadley cell expansion asymmetry in most seasons (Fig. 3) , suggesting that there is
300
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302
The amip experiments discussed here also provide further evidence that Arctic am- Fig. 1 and S1 ). However, as mentioned above, the connection between times as large during MAM (Fig. 1) , although the quantitative degree of asymmetry does 374 vary across models (Fig. S2) is less sensitive to changes in static stability than the Southern Hemisphere.
389
In the historical record, the largest expansion of the Hadley cell has been in the sensitive to greenhouse gas increases in the Northern Hemisphere.
404
The five-fold difference between Northern Hemisphere Hadley cell expansion in spring 405 and autumn (Fig. 1) is surprising given one might naively expect similar responses in 406 the two equinoctial seasons. Future work will focus on why the multi-model mean re-407 sponse to greenhouse gas forcing is different between these seasons, even with the same
408
SST forcing (Fig. 3) . Intriguingly, the climatological extent of the Northern Hemisphere
409
Hadley cell in the pre-industrial control simulations is at its extremes in these seasons:
410 most equatorward for MAM and most poleward for SON (Fig. 1) . 
